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DETECTING A BAD CELL IN A STORAGE BATTERY 

BACKGRormn of the invention 
The present invention relates to testing 
5 of storage batteries. More specifically, the present 
invention relates to identifying a bad or defective cell 
in a storage battery. 

Storage batteries, such as lead acid storage 
batteries of the type used in the automotive industry, 
10 have existed for many years. However, understanding the 
nature of such storage -batteries, how such storage 
batteries operate and how to accurately test such 
batteries has been an ongoing endeavor and has proved 
quite difficult. Storage batteries consist of a 
15 plurality of individual storage cells electrically 
connected in series. Typically each cell has a voltage 
potential of about 2.1 volts. By connecting the cells' 
in series, the voltages of the individual cells are 
added in a cumulative manner. For example, in a typical 
automotive storage battery, six storage cells are used 
to provide a .total voltage when the battery is fully 
charged of 12.6 volts. 

There has been a long history of attempts to 
accurately test the condition of storage batteries. A 
simple test is to measure the voltage of the battery. 
If the voltage is i>eiow a certain threshold, the battery 
is determined . to be bad. However, this test is 
inconvenient because it requires the battery to be 
charged prior to performing the test. If the battery is 
discharged, the voltage will be low and a good battery 
may be incorrectly tested as bad. Furthermore, such a 
test does not give any indication of how much energy is 
stored in the battery. Another technique for testing a 
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battery is referred as a load test. In a load test, the 
. battery is discharged using a known load. As the 
battery is discharged, the voltage across the battery is 
monitored and used to- determine the condition of the 
5 battery. This technique requires that the battery be 
sufficiently charged in order that it can supply current 
to the load. 

More recently, a technique has been pioneered 
by Dr. Keith S. Champlin for testing storage batteries 

10 by measuring the conductance of the batteries. This 
technique is described in a number of United States 
patents obtained by Dr. Champlin, for example, US-A- 
3,873,911, issued March 25, 1975, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE; US-A 3,909,708, 

15 issued September 30, 1975, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE; US-A 4,816,768, 
issued March .28, 1989, to Champlin, entitled ELECTRONIC 
BATTERY TESTING DEVICE; US-A 4,82 5,170, issued April 25, 
1989, to Champlin, entitled ELECTRONIC BATTERY TESTING 

20 DEVICE WITH AUTOMATIC VOLTAGE SCALING; US-A 4,881,038, 
issued November 14, 1989, to Champlin, entitled 
ELECTRONIC BATTERY TESTING DEVICE WITH AUTOMATIC VOLTAGE 
SCALING TO DETERMINE DYNAMIC CONDUCTANCE; US-A 
4,912,416, issued March 27, 1.S90, to Champlin, entitled 

2 5 ELECTRONIC BATTERY TESTING DEVICE WITH STATE -OF -CHARGE 

COMPENSATION; and US-A 5,140,269, issued August 18, 
1992, to Champlin, entitled ELECTRONIC TESTER FOR 
ASSESSING BATTERY/CELL CAPACITY. 

The prior ar^t has largely failed to provide a 

3 0 useful and convenient technique for locating a bad cell 

in a battery. One technique for determining the 
presence of a bad cell among the plurality of cells in 
the storage battery is to measure the specific gravity 
of the acid in each cell. This is a time consuming 
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technigue in which acid must be removed from each of the 
individual cells. Furthermore, many new batteries are 
"maintenance free" batteries in which the battery is 
sealed and access to individual cells is prevented. In 
5 such batteries, it is impossible to test the specific 
gravity of the individual cells. 

Another technique for identifying a bad cell 
is described in US-A 4,322,685 whicn was issued on March 
30, 1982 to Prailing et al . , entitled AUTOMATIC BATTERY 
10 ANALYZER INCLUDING APPARATUS FOR DETERMINING PRESENCE OF 
A SINGLE ^BAD CELL. The Prailing patent identifies bad 
cells in a storage battery using a load test technique. 
As described in column 2, lines 58-64, of the reference 
batteries having a voltage of less than 10.80 volts are 
15 always rejected as unacceptable. 

The prior art lacks a simple and convenient 
technique for identifying a bad cell in a storage 
battery. More specifically, the art lacks a technique- 
for quickly and accurately identifying a bad cell 
2 0 without requiring the battery be charged. 

SUMMARY OF THE INVENTION 
, The present invention provides a method and 

apparatus for accurately identifying a bad cell in a 
storage battery having a plurality of cells. The 
25 apparatus includes input circuitry for electrically 
coupling to first and second terminals of the storage 
battery. Voltage measuring circuitry couples to the 
input circuitry and provides a voltage output related to 
a voltage potential measured between the first and 
30 second terminals of the storage battery. Conductance 
measuring circuitry coupled to the input circuitry 
provides a conductance output which is related to the 
•conductance of the storage battery as measured between 
the first and second terminals of the storage battery. 



wo 97/44652 



PCT/US97/08138 



Voltage comparison circuitry compares the voltage output 
to a voltage reference and provides a discharged output 
if the voltage output is less than the voltage 
reference. Conductance comparison circuitry compares 
5 the conductance output to a conductance reference and 
provides a high conductance output if the conductance 
output is greater than the conductance reference. 
Output circuitry provides a bad cell output and response 
to the detection of the discharged output and a high 
10 conductance output. The bad cell output is indicative 
^ cell detected among the plurality of cells in 

the storage battery. 

In a method for detecting a bad cell in a 
storage battery having a plurality of cells, the voltage 
15 of the storage battery is measured between the two 
terminals of the storage battery. The conductance of 
the storage battery is measured. The voltage of the 
storage battery is compared with a reference voltage and 
the conductance of the storage battery is compared with 
20 a reference conductance. A bad cell is detected if the 
voltage of the storage battery is less than the 
reference voltage and if the conductance of the battery 
is greater than the reference conductance. 

BRIEF DESCRIPTION OF THE DRAWINGS 
2^ Figure 1 is a simplified schematic diagram 

showing bad cell detection circuitry in accordance with 
the present invention. 

Figure 2 is a flow chart showing steps 
performed by a microprocessor and Figure 1 operating in 
3 0 accordance with the present invention. 



wo 97/44652 



PCT/US97/08138 



10 



DETAILED DESCRTP TION OF THE PRl^FERRED EMBODIMENTS 

The present invention provides a new and 
useful technique for detecting a bad cell among of a 
plurality of cells in a storage battery, such as a lead 
acid storage battery. The present invention makes use 
of the aforementioned techniques of Dr. Keith S. 
Champlin to measure the electrical conductance of the 
storage battery in determining if a bad cell exists, in 
accordance with the present invention. By making use of 
the techniques provided by Dr. Champlrn, the present 
invention provides a quick and convenient method and 
apparatus for detecting a bad cell which does not 
require the battery to be charged in order to make an 
accurate determination. 

Figure 1 is a simplified block diagram of bad 
cell detection circuitry 16 in accordance with the 
present invention. Apparatus IG is shown coupled to 
battery 12 which includes a positive battery teorminal 22 
and a negative battery ter*minal 24. Battery 12 is a 
storage battery having a plurality of individual cells, 
typically six, and a voltage of 12,6 volts. 

Circuitry 16 operates in accordance with one 
embodiment of the present invention and determines the 
conductance {G^^r) of battery 12 and the voltage 
25 potential (Vg^^) between terminals 22 and 24 of battery 
12, Circuitry 16 includes current source 50, 

differential amplifier 52, analog- to-digital converter 
54 and microprocessor 56, Amplifier 52 is capacitively 
coupled to battery 12 through capacitors C^ and C. . 
Amplifier 52 has an output connected to an input of 
analog-tO'digital converter 54. Microprocessor 56 is 
connected to system clock 58, memory 60, bad cell 
indicator G2 and analog- to-digital converter 54. 
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Microprocessor 56 is also capable of receiving an input 
■ from input device 66. .... 

In. operation, current source 50 is controlled 
by microprocessor 56 .and provides a current in the 
5 direction shown by the arrow in Figure 1 . In one 
embodiment, this ^is a square wave or a pulse. 
Differential amplifier 52 is connected to terminals 22 
and 24 of battery 12 through capacitors and C2, 

respectively, and provides an output related to the 

10 voltage potential d if ference ' between terminals 22 and 
24. In a preferred embodiment, amplifier 52 has a high 
input impedance. Circuitry 16 includes differential 
amplifier 70 having inverting and noninverting inputs 
connected to terminals 24 and 22, respectively. 

15 Amplifier 70 is connected to measure, the open circuit 
potential voltage (Vg^^^) of battery 12 between terminals 
22 and 24 . The output of amplifier 70 is provided to 
analog- to-digital converter 54 such that the voltage 
across terminals 22 and 24 can be measured by 

20 microprocessor 56. 

Circuitry 16 is connected to battery 12 
through a four-point connection technique known as a 
Kelvin connection. This Kelvin connection allows 
current I to be injected into battery 12 through a first 

25 pair of terminals while the voltage V across the 
terminals 22 and 24 is measured by a second pair of 
connections. Because very little current flows through 
amplifier 52, the voltage drop across the inputs to 
, amplifier 52 is substantially identical to the voltage 

30 drop across terminals 22 and 24 of battery 12. The 
output of differential amplifier 52 is converted to a 
digital format and is provided to microprocessor 56. 
Microprocessor 56 operates at a frequency determined by 
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system clock 58 and in accordance with programming 

instructions stored in memory 60. 

Microprocessor 56 determines the conductance 

of battery 12 by applying a current pulse I using 

current source 50. The microprocessor determines the 
change in battery voltage due to the current pulse I 
using amplifier 52 and analog- to-digital converter 54. 
The value of current I generated by current source 50 is 
known and is stored in memory €0. in one embodiment, 
current I is obtained by applying a load to battery 12 
Microprocessor 56 calculates the conductance of battery 
12 using the following equation: 



Conductance - G^^ ^ Al Equation i 

where AI is the change in current flowing through 
-5 battery 12 due to current source 50 and AV is the change 
in battery voltage due to applied current AI . 

Microprocessor 56 operates in accordance with 
the present invention and determines the presence of a 
bad cell in battery 12. Figure 2 is a flow chart 100 
0 showing operation of microprocessor 56 based upon 
programming instructions stored in memoi-y 60. At block 
102, microprocessor 56 calculates battery conductance 
GsM- in accordance with equation 1. At block 104, 
microprocessor 56 determines the open circuit voltage 
5 Vb„ across terminals 22 and 24 using, for example, 
analog-to-digital converter 54 and amplifier 70. Note 
that in measuring the voltage V^^.,, capacitors C, and C, 
should be removed from the circuit such that the DC 
voltage of the battery may be measured. 
0 Next, at block 106, microprocessor 56 obtains 

a reference voltage V^^p and a reference conductance G^^^ 
stored in memory 60. At block 108, if v„„ is less than 
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^REtw 3 discharge condition is detected and control is 
passed to block 110. If, on the other hand, V^j^j is not 
less than Vref/ then the battery is determined to be in 
a charge condition and may be tested in accordance v/ith 
5 known battery testing techniques, such as those 
described by Dr. Champ 1 in . 

At block 110, if G^f,r is less than Gr^p, the 
discharged condition is determined to be not due to a 
bad cell. If, on the other hand, G,^^^ is greater than 

10 Gref^ ^ hsid cell output is pi^ovider" at block 112. For 
example, warning light 62 can be illuminated to indicate 
that a bad cell condition exists or data can be provided 
on a data output line from microprocessor 56 fox' storage 
or display in some other fashion. ■ • ■ -. 

15 In one preferred embodiment, the voltage 

reference V^^^ is about 11.0 volts and the conductance 
reference Gritf is about 3 0 Mhos. 

In one embodiment, values for V^^^ and G^pj.. ai^e 
stored in memory 60 for various types of storage 

20 batteries. An operator selects the particular storage 
battery being tested using input device 66 whereby 
microprocessor 56 retrieves the appropriate reference 
values from memory €0 . 

Table 1 is a table which shows a number of 

25 tests performed in accordance with the present 
invention. Table 1 shows the open circuit voltage Vj,,.^ 
of a battery and the battery conductance Gj^;^^. The bad 
cell in a battery is determined by measuring the 
specific gravity of each cell in the battery and number 

30 of that cell (1-6) is indicated. The result of a test 
performed in accordance with the present invention is 
also shown. - 
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15 



20 



25. 



30 



Voltage 

Mr ^ 


(Mhos) 


Bad cell 
Number 


Test Result 


X U . 6 


61 


3 


Bad cell 


-L U . b 


84 


2 


Bad cell 




54 


1 


Bad cell 


.10.2 


44 


1 


Bad cell 


10.1 


33 


5 


Bad cell 


3 . 3 


38 


3 


Bad cell 


y . 3 


0 


None 


No bad cell 




0 


None 


No bad cell 


o O 

y . 8 


38 


5 


Bad cell 


y . 7 


0 


None 


. No bad cell 


y . / 


29 


3 


Bad cell 


8 . 8 


40 


4 


jaaa cell 


8 . 1 


63 


2 and 3 


Bad cell 


7 . 7 


40 


3 and 5 


Bad cell 


6 . 6 


0 . 


Nor. 3 


No bad cell 


6 . 2 


0 


None 


I^o bad cell 


6.0 


0 


None 


No bad cell 



The present invention may be implemented using 
any appropriate technique. For simplicity, a single 
technique has been illustrate herein. However, other 
techniques may be used including implementation in all 
analog circuitry. Additionally, by using appropriate 
techniques, the battery resistance and a reference 
resistance (the reciprocal of conductance) may be 
employed in the invention. It should be noted that the 
various reference values may be stored in memory or may 
be generated using appropriate circuits and the various 
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comparisons described in the flow chart of Figure 2 may 
be implemented using analog comparison circuitry. 

The present invention provides a quick and 
convenient technique for determining if a battery has a 
5 bad cell. The invention does not require that the 
battery be recharged before .testing. This saves time 
which is of particular importance in an automotive 
service environment. Furthermore, the present invention 
will" indicate that the battery has a bad cell so that an 

10 operator knows that the battery does not neer*. to be 
recharged which could lead to potential damage'. The 
techniques described herein may be incorporated as one 
step of an overall battery test procedure. 

Although the present invention has been 

15 described with reference to preferred embodiments, 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED T.q ^ 

^- ^ apparatus for detecting a bad cell in a 

storage battery having a plurality of cells, comprising: 
input circuitry for electrically coupling to 
first and second teirminals of the 
storage battery; 
voltage measuring circuitry coupled to the 
input circuitry providing voltage output 
related to a voltage potential between 
the first and second terminals of the 
storage battery; 
conductance measuring circuitry coupled to 
the input circuitry providing a 
conductance output related to 
conductance of the storage battery 
measured between the first and second 
terminals 

voltage comparison circuitry comparing the 
voltage output to a voltage reference 
and providing a discharged output if the 
voltage output is less than the voltage 
reference; 

conductance comparison circuitry comparing 
the conductance output to a conductance 
reference and providing a high 
conductance output if the conductance 
output is greater than the conductance 
reference; and 
output circuitry providing a bad cell output 
in response to detection of a discharged 
output and a High conductance output, 
the bad cell output indicative of a bad 
cell among the plurality of cells in the 
storage battery. 
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2". The apparatus of claim 1. including a memory 

containing the voltage reference and the conductance 
reference, 

3. The apparatus of ' claim 2 including an input 
device for receiving an input from an operator used to 
select the voltage -reference and conductance reference 
from a plurality of references stored in the memory. 

4. The apparatus of claim 1 wherein the 
conductance measurement circuitry determines conductance 
by measuring resistance. 

5. The apparatus of claim 1 wherein the voltage 

measuring circuitry, conductance measuring circuitry, 
voltage comparison circuitry, conductance comparison 
circuitry and the output circuitry are implemented using 
a microprocessor. 

6. The apparatus of claim 1 including a known 
current source for injecting a known current into the 
storage battery and the conductance measuring circuitry 
measure conductance based upon the known current and a 
resultant change in voltage of the storage battery. 

7. The apparatus of claim 1 wherein the 
conductance measuring circuitry uses a Kelvin connection 
to connect to the storage battery. 

8. A method of detecting a bad cell in a storage 
battery having a plurality of cells, comprising the 
steps of : 

measuring a voltage (Vj^^^^) across tex-minals of 

the storage battery; 
measuring a conductance (Gq^j^) of the storage 

battery; 

comparing the voltage (V^;^^.) to a ' reference 

voltage (V^Ep) ; 
comparing the conductance (<^bat) to a 

reference conductance (Gj^^k) ' Sind 
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indicating a bad cell exists in the battery 

based upon the comparisons. 
The method of claim 8 including: 
detecting a discharged condition if the 
voltage V^^^ is less than the reference 
voltage (V^^^) ; 
detecting a high conductance condition if the 
conductance (G^^^.) is greater than the 
reference conductance iG^^^) ; and 
indicating the bad cells exists in response 
to the discharged condition and the high 
conductance condition . 
The method of claim 8 wherein the reference 
voltage Vp^^-p and the reference conductance Gr^p are 
selected based upon the type of the storage battery. 
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